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Gallen, John James, Jr. (M.S., Engineering Design and 
Economic Evaluation) 
A Model for Providing Preliminary Cost Estimates for 

Minor Public Works Projects 
Thesis directed by Associate Professor Phillip F. Ostwald 

The cost estimating model developed in this thesis 
was based on an in-depth analysis of 191 public works 
projects from 25 different cities throughout the United 
States. Twelve construction categories were selected 
into which all of the available data was distributed so 
that similar items can be meaningfully compared. 

A basis of December 1969 was established and indexes 
for projected costs and geographical differences were 
developed that facilitated the analysis and correlation 
of project cost data. A series of base cost curves were 
then developed that portray the in-place cost trends for 
each of 55 construction items within the twelve categories. 

With these cost curves and the indexes developed for 
geographical and projected cost differences, the estimator 
is able to develop preliminary cost estimates for minor 
public works projects in less than three hours, using only 
basic quantity input data. After having developed a 
facility for using this estimating tool the user can ex- 
pect an estimating accuracy of +15%. 


The system also provides for the avian és dating 
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CHAPTER I 
Cee Eol IMATING DEVELOPMENT 


Estimates have been prepared for public works 
projects since the earliest civilizations. The first 
estimates were probably nothing more than guesses as to 
the outcome of some future tasks. However, as more and 
more projects, jobs and tasks were completed, more and 
more information as to actual quantities, times and 
costs utilized in each project became available. This 
known data soon became the foundation upon which esti- 
mated costs for future projects were based. 

Nevertheless, no matter how carefully the 
estimator was in choosing his data, there was usually 
some deviation between his estimated cost and the actual 
final cost. Lyle, et Sala quantifies this error in 
terms of the ratio of estimated to actual costs in pro- 
jects of similar scope. 

In one of his earlier papers on cost estimating, 
Doyle? related estimating accuracy to the number of 
elements into which the project was divided in the 
preparation of the cost estimate. While it stands to 
reason that the greater the number of segments into 


which a project can be divided, the greater the accuracy 





of the estimate, the cost of making such a detailed 
study may not be so obvious. The cost associated with 
estimating errors was found by Doyle to decrease rapidly 
as the number of elements increased, while the costs 
associated with making the estimate increase in a linear 
fashion. 

petoiene va and Desks both exhort the analysis of 
past estimates and costs to improve future estimates, 
but both are careful to point out that these estimates 
must coincide in degree of accuracy, if they are to be 
meaningfully compared. An estimate for a project in 
the million dollar range cannot be compared to those 
whose values are less than $200,000, nor can single 
element estimates be realistically compared to multi- 
element estimates. There must be as sound basis for 
comparison. 

Since the turn of the century, various indexes 
have been compiled that trace the cost of nearly every 
element involved in construction as these costs have 
risen over the years. These indexes, besides being 
indicators of inflationary or deflationary trends, also 
provide insight into technology changes and improvements 
in methods. However, with the wealth of information 
available in one form or another, little has been done 
towards assembling the various indexes into a format 


that could be readily applied. 


The first phase of this thesis, therefore, 





involves researching existing indexes, and establishing 
new indexes and factors that can be readily applied to 
the various elements of construction projects in the 
Pane esOr upsto S200,000. 

Detailed cost estimating is a very time consuming 
endeavor, resulting in a precision that is essential 
for projects that have been approved and funded and will 
be accomplished in the near future. However, there are 
instances when an estimator will be asked to provide a 
cost value for projects that may be little more than an 
engineering conceptual plan or a proposed function. To 
spend an inordinate amount of time attempting to 
ascertain a cost value for the poorly defined elements 
of these conceptual plans is not an economically justi- 
fiable endeavor. 

There are occasions when the Public Works 
Officer or Base Engineer at a military installation will 
be called upon to estimate the costs of a potential 
project that may never even be approved for construction. 
Were he or his staff to spend many hours researching 
the project and amplifying the information, he would 
arrive at a reasonably close approximation of the actual 
cost of the project when and if it is built. 
Unfortunately, his schedule is usually so demanding that 
he cannot afford to spend an inordinate amount of time 
searching for cost data on projects whose eventual 


funding may be in doubt. However, he cannot ignore 





Mieseurequesta LOr Estimates Or merely render lip 

service to these requests. He must have at his disposal, 

some means by which he can satisfy these requests with | 

only a moderate amount of time being expended. 
Accordingly, the second phase of this thesis 

involves the formulation of cost models which, when used 

in conjunction with the indexes developed, will form a 

readily useable process for estimating minor public 

works projects. It is intended that these-projects can 

be quickly estimated with the assurance that the estimate 


will be accurate to a reasonable degree. 
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The initial project submittals for the repair, 
minor construction and improvement portions of the Navy 
Military Construction Program is generally provided at 
the individual command or activity level. Using the 
Basic Facilities Requirement List (B.F.R.L.) as a guide, 
each military installation strives to achieve the maxi- 
mum degree of material readiness by initiating projects 
that will eliminate identified deficiencies. 

After each project is identified and an initial 
estimate has been provided, it is submitted to both the 
Fngineering Field Division (E.F.D.) and the sponsor 
command for review and approval. The E.F.D. is respon- 
Sible for the technical review. If the project is valid 
(the project purpose is to eliminate an identified 
deficiency or to directly support a newly assigned 
mission function) and its cost is considered reasonable, 
it is forwarded to the sponsor command of the activity 
with appropriate endorsement. 

Each of the 17 sponsor commands then review 
all projects submitted by their subordinate activities 


and determine the priority for each project and the 





order in which they shall be approved. Projects over 
$200,000 require the approval of the Secretary of the 
Navy or Congress, depending upon the nature and scope of 
the work involved. However, the majority of the pro- 
jects submitted are in the $10,000 to $200,000 cost 
range and are in categories that may be approved and 
funded at the sponsor command level. 

Considering the number of projects submitted 
each year and the paucity of funds available for the 
facilities programs, there are relatively few projects 
approved and funded each year. Consequently, less 
urgent projects may remain on priority lists for 
several years. Some will eventually be deleted from 
these lists as missions, programs and command functions 
change over the years. 

In light of the above brief description of the 
manner in which projects are initiated, reviewed, and 
approved, it 1s reasonable to assert that detailed cost 
estimating for initial project submittals are neither 
required nor justified. Only when projects approach 
the top of the priority lists and are given a reasonably 
good chance of: being approved and funded in the next 
year, should a more detailed and refined estimate be 
pigeposcar. 

The initial project idea given to the Public 
Works Officer may be as roughly defined as gross square 


feet of office area, or a 200 man barracks. To prepare 





tie proj ect for submittal, he must first translate 
these given parameters into estimated units of basic 
construction category material from which the facility 
is built. The experience and judgement of Public Works 
departments, coupled with the NAVFAC (Naval Facilities 
Engineering Command) guidelines on basic facilities 
categories, enables these departments to arrive at a 
general idea as to required construction units. 

The task of determining the estimated cost for 
a project is more involved. Geographical differences, 
inflation, labor and materials availability play a part 
in making cost estimating a difficult and time consuming 
operation. Were a readily useable guide available to 
assist the Public Works Officer in arriving at these 
estimates, his task would be simplified and more project 
estimates could be provided in a shorter time period. 
A process would also be useful during pressing periods 
near the end of the fiscal year when funds become 
available and previously drafted projects must be 


brought up to date in both scope and cost. 
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As stated in the preceding chapter, the purpose 
of this thesis is to devise a useable system with which 
eS re project estimates can be provided 
in a relatively short time, using limited information. 
In order for a system of this type to be applicable for 
Pregeces throtighout the country, input data from many 
and varied activities was required. In early February 
of this year letters were sent to 27 Resident Officers in 
Charge of Construction (ROICC) and Public Works Officers 
in different parts of the country, asking for cost data 
on completed projects in the $10,000 to $200,000 range. 
A sample letter is shown as Exhibit 3-1. 

Of the twenty-five replies received, cost data 
for 191 completed or in-progress projects were distribu- 


ted as follows: 


Pellare values (x 10100) 


10-25 25-50 90-100 100-200 200- 
o9 40 42 30 20 








In each case the data submitted were copies of the 
"Schedule of Prices" a contractor is required to submit 


prior to proceeding with the actual construction of a 





Exhibit 3-1 
UNIVERSITY OF COLORADO 
NAVAL RESERVE OFFICERS' TRAINING CORPS 


BOULDER, COLORADO 80302 t 
16 February 19/73 


mebR Frederick S. Hall 

Resident Officer in Charge of Construction 
Northern Division NAVFAC Contracts 

Naval Submarine Base New London 

emeton, CT 06342 


Dear Spence, 


This letter is no different than others you may have 
received in the past from fellow CEC officers seeking data 
for a Master's degree project. 


imwonderwroueatherm Sufficient information to complete 
my thesis, which involves a generalized approach to estima- 
ting minor public works projects, I am in need of certain 
paeyectagdata trom ROLCC’s throughout the country. 


The information desired is that which the contractor 
is required to provide in his submittal of a schedule of 
prices. Having been a ROICC (Great Lakes, OCT 68 - APR 70) 
I am familiar with the total price make-up of the items on 
these documents, as well as the tendency on the part of 
the contractor to have a heavy hand when pricing early- 
completion items. I am looking.for unit cost breakdowns 
in such categories as: electrical, mechanical, earthwork, 
carpentry, painting, concrete or masonry, etc. The variance 
in detail from project to project is not important, nor is 
the timeframe (anything up to five years old is good). 
However, if there are any unusual aspects of the job, an 
eo LanatOry more would help. 


Therefore, 1f you could send me copies of a half dozen 
or more schedules of prices from projects in the $10,000 - 
$200,000 range, I would greatly appreciate the assistance. 


As I am asking for this information from ROICC's in 
various sections of the country, it is necessary to resort 
to this form letter in order to keep the costs down. I'm 
sure you'll understand. 


Those of you who know me must realize that my coming to 
Colorado was no accident. Camping is great, skiing is even 
better and the country is beautiful. What the CEC needs is 
a dozen or so billets here. I'd be the first to volunteer: 


Thanks again for your help. 


Simeerel ys 


Wt G/NUInS) Wye 


LCDR, CEC, USN 
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Peoweecte es trom these documents the following information 


can be obtained: 

a) Geographical area 

b) Date of award 

c¢) Total contract price 

d) Type of work 

e) Range of bids 

f) Unit price 

g) Labor and material costs 
A sample schedule of prices is included as Exhibit 3-2. 

As required by the general provisions of the 
@omeract, Gach Of the unit prices indicated on the 
schedule of prices include a prorated distri bution of 
the contractor's entire amount of overhead and profit. 
The general practice of ROICC's is to allow as 25% mark- 
up for overhead and profit in negotiating change orders. 
This markup is assumed to exist in all unit price figures 
submitted on the schedule of prices. Care must be taken 
by ROICC's in approving these submittals as contractors 
tend to inflate the prices of work items to be completed 
first and deflate later ones in order to acquire a large 
working capital as soon as possible. When these prac- 
tices are recognized the forms are returned to the 
contractor for a more equitable readjustment of the 
Pieincomeuietle evidenee of these practices was found 
in analyzing the 191 forms received for this thesis. 
The information received from the ROICC's pro- 

vided cost data from projects of varied scope, and 


magnitude from many areas. This diversity of costs, 


scope, size and geographical area were important as they 
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enabled the cost estimating system to be founded on a 
broad base, thereby rendering it applicable to a wide 


range of projects. 
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DETERMINING THE MODEL 


To establish a model, the 191 projects were 
reviewed as to type of project and nature of the work 
involved. This review resulted in a requirement for 
twelve distinct contruction categories which, if 
utilized totally or in part, would be sufficient to 
provide cost estimates for nearly any type of public 
works project in the range specified. These categories, 
their composition and the basic units of measure are 
shown in Table 4-1. 

From the project data provided, a series of 
twelve categories of graphs were derived. The estimator 
should then be able to enter each graph with an estimated 
quantity and obtain an expected base cost for that 
particular item. Having arrived at the expected base 
cost figures for all the items in a particular construc- 
tion category, the user will then make adjustments for 
geographical variances through the use of tabulated 
indexes, developed for each category. Adjustments for 
seasonal variances must be made at the discretion of the 
user. Adjustments should be deferred until the project 


is actually approved since at the time of the initial 





Basic Units 
of Measure 
cu yds 

moms, cu yds, 
beard feet 
sq ft 

Sct 

Sq 


sq it 


Paew. Sq ft 


eae. tt 
Capacity, lbs, 
each 

ea, ft, capacity 


ea 


SF, SY, 
LF, SY 
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Table 4-1 
Uvelje construction Categories 


Category Number and Composition 


Cal, 


(2) 


(3) 


C4) 


(5) 


(6) 


oP) 


(8) 


(9) 


EO) 


C17) 


(12) 


Foundation (excavation, concrete, 
compacted fill) 


Structural (steel, concrete, wood 
framing) 


Plocmnr wm GCneci Mente t Len Carpet ; 
plywood, ceramic tile, accous- 
tical tile) 


Walls (brick, CMU, drywall, insu- 
lation) 


Roofing (removals, shingle, 
built-up roofing) 


Finishes (vinyl, exterior paint- 
iit neeritem paint rng ) 


Doors and Windows (doors and 
frames, aluminum windows, window 
glass, toilet partitions) 


Plumbing (fixtures, manholes, 
pipe) 


Mechanical (boilers, AC equip., 
fans, ductwork, grilles) 


Electric (fixtures, receptacles, 
wire, conduit, panels, xformers) 


Specialities (fire alarms, 
sprinklers) 


Exterior (sidewalks, paving, 
curbs and gutters, fencing, 
seeding) 





14 


PecwqecessubMittalyi1t 1s virtually impossible to predict 
the season in which the project will be accomplished. 

After all of the applicable category costs have 
been calculated as described in the subsequent paragraphs 
their sum is to be adjusted by the projected cost index 
mem the anticipated time of construction. 

The final step in determining the project cost 
involves inclusion of factors for: 

a) contractor overhead and profit 

b) a contingency which allows for not only 
limited alterations to scope prior to 
project funding but also modifications 
that occur in both the detailed project 
estimate and post award changes. 

In the evaluations of the 191 projects utilized 
in establishing the estimating system, a flat figure of 
25% was assumed for overhead and profit, as indicated 
in the previous chapter. No allowance for contingencies 
was considered to have been included in the projects 
submitted as the figures indicated reflect the actual 
award price of the contracts, with all pre-award modifi- 
cations having already been included. A 5-6% allowance 
for contingencies at the initial project submittal stage 
will usually drop to about 1% when the project is 
approved for implementation. 


The Cost Estimating Model, therefore, takes on 
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the following form: 


nN 
On ges o3 


j= 
where C. = base cost of category 1; 1 =:21,12 
C.s = individual cost elements of a 
J Giesee Sete 


j = l,n (from graphs) 
2 it Is 
Cis poet (72) TO 


where Cis Reece teopmapntecdl Cost) Tor Categony 


ae = geographical index for category 


I. = seasonal index for category. 
Is = 100 unless user has other 
Miko riak ton avail Lab le. 
Ip 12 
Boe py -(3,) 2a Cis 
I poe al 
where T.C.) = total base cost 
Ls = projected construction cost index 


and finally 


I PaGee= TC, GE@ry (Fc) 


where T.P.C. = total project cost 
Fop = overhead and profit factor 


fom mecOunMuccneltes Factor 


ee 





CHAPTER V 
folesmlontNG THE BASIS 


In order for any system of indexes to be useful 
and meaningful, there must be established a reference 
point upon which to base all computations. This was 
the situation in attempting to formulate the estimating 
Medel. Ali major factors contributing to the projects 
under consideration were analyzed and weighed in the 
course of formulating a prime index upon which to base 
all future calculations. 

The first step in the establishment of the basis 
was the determination of a base year and month. Many 
commercial indexes are published that relate to construc- 
tion and industrial building. Each generally has a 
different base year and each considers certain segments 
of the construction industry. 

By scanning a rough sketch of each of the trends 
of these indexes, it became apparent that in December 
1969 there began a noticeable upward sweep in nearly all 
the indexes. In order that the proposed estimating 
system be founded on a sound base that would reflect the 
beginnings of a pronounced inflationary trend, December 


1969 was selected as the base month. This selection 





a 


eapeowcd Nearty all of the data from the 191 projects to 
Mave a base of greater than 100, and simplified later 
calculations. 

Using the guidelines introduced by Patterson” 
and orr®. data and indexes such as those formulated by 
Bie Major engineering periodicals such as Engineering 
News Kecord were adapted to the particular estimating 
methods employed by Navy Public Works Officers. 

Thirteen major commercial construction indexes 48 
spanning from 1969 to 1972 were each converted to Decem- 
ber 1969 as a base of 100 and were plotted on a graph 

as shown in Figure 5-1. The average slope was considered 
a reliable estimate of construction industry cost trend 
for the time period under consideration. Intermediate 
points were interpolated for use as necessary when pro- 
ject data were being analyzed. 

Figure 5-2 is a projected curve which was 
developed by the least squares method using converted 
index data through June 1973- Another method of 
determining a future index would be to take any of the 
thirteen commercial indexes used in Figure 5-1, convert 
to a December 1969 = 100 base and compare it to the 
projection of the composite curve. The Turner, Campbell, 
and American Appraisal Indexes seemed to more closely 
toldow Eneseomposite index than did the others. 


With a basis established, it was next necessary 


to determine how this basis could be expected to vary 
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PAOMmmGLty tO City. Information of this sort is compiled 
by several major companies. The two who seem to be most 
pacminient mn the construction industry are Means Building 
Somoeruction Cost Data and Engineering News Record. The 
relative construction cost indexes for each of twenty 
cities was developed by taking both the Means © and ENR! 
cost indexes of each of twenty cities for the years 1971 
and 1972, setting their composite average equal to 100 
and averaging the figures for each of the twenty cities. 


The nearest whole number figure was then determined to 


be the relative general cost index for each city. 


Example: For Index City #1 (Atlanta) 
Means 71-72 93 
fens 7 al 87 
ENR 72 g1 


Total 271 — 3 = 91 
The whole number Cost Index for City #1 is 91. Table 
5-1 tabulates these City Cost Indexes for each of the 


twenty major cities. 





Table 5-1 
City Cost Indexes (Adjusted to 100 Average Base) 


Means Engr Eng, 











Canty ies 71-72 71 Zee Vv erare 
Atlanta AL 316 87 91 2) AL 
Baltimore Z 97 98 99 98 
Birmingham 3 84 ie 86 84 
Boston ; ais 100 96 aaah 
Chicago 5 104 H01 ies: 10S 
Cincinnati 6. 105 Hagic Os 103 
Cleveland i cls Be 116 108 126 
Dallas 8 87 85 89 87 
Denver 2, 91 Sis 38 94 
Detroit 10 pies: ae Whee alal 
Kansas City abe 95 96 sLigal 97 
Los Angeles dle? dae 97 aes ROS 
Minneapolis 3 aEGiZ Ze 97 99 
New Orleans 14 93 84 65 By 
New York 15 ihakis 120 IL dials} 
Philadelphia 16 Laie maels 106 104 
masets burgh ally 106 ales 109 108 
Sie LOULS 7 Abs ies 95 97 98 
San Francisco 19 iLag 107 110 108 


Seattle 20 95 86 89 90 





CHeelek Va 
GEOGRAPHICAL INDEX FORMULATION 


To reduce the various project data to comparable 
quantities, a geographical index, encompassing the 
relative contributions of labor and material, had to be 
developed for each of the twelve construction categories 
for each city. 

This index was developed in four phases: 

a) Development of trade wage index 

b) Development of material cost indexes 

c) Determination of the relative contribu- 
tion of labor and material for each 
Gaececory 

d) Blending the labor and material indexes 
into a single geographical index for each 
city and category. 

The individual trade wage indexes were calculated 
in the following manner. The Engineering News Record 
and the Bureau of Labor Statistics publish current wage 
rates for major trades on a monthly basis, although 
little change is seen in any of these wage rates over the 
course of a year, depending on when a particular wage 


contract has been negotiated. Therefore, actual wage 
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costs for each trade were available for each city under 
consideration.’ ?® 

The average wage rate for each trade was taken 
and multiplied by the previously calculated general cost 
index for each of the twenty cities under consideration. 
The resulting figures represent the expected wage rate 
for each trade in each city. 

By setting these expected wage rates as a base 
equal to 100 for each trade and city, a comparison with 
the actual wage rates was made. The resulting figure is 
the individual trade wage index for each city. 


Example: For Index City #1(Atlanta) 


Common Building Labor 


Base Wage Rate = $6.86/HR. 
General Cost Index = “31 
Expected Wage Rate = Sion 24/ UR. 
Actual Wage Rate = $4.90/HR. 
490 
Gam 7 is 


The Trade (Common Labor) Wage Index for City #1 is 79. 
This procedure having been followed for eleven major 
trades over the twenty cities, a general schedule of 
trade wage indexes was developed as shown in Table 6-1. 
The individual material indexes for each city 
were calculated in much the same way as were the wage 
indexes. The general cost index for each city was 


applied to current twenty city average prices or average 
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price indexes (whichever was available) for the major 
materials used in each of the twelve construction cate- 
gories./28 Sources of this information were primarily 
Engineering News Record and the Bureau of Labor Statis- 
tics. It made no difference whether the figures used 
were indexes or prices since each would ultimately be 
converted to a relative index. This method again yielded 
an expected price (or index) for each material for each 
Gam . 

Setting these expected values as a base equal to 
100 for each material and city, and comparing them to the 
actual price or indexes, yielded an individual material 
cost index for each material and city. Tables 6-2 Part 
1 and 2 are the general schedule of material indexes 
developed for the 18 materials considered for each of 
the twenty cities. 


Example: For Index City #1 (Atlanta) 


Reacdamis Concrete 


Base Material Index = 134 
General Cost Index = gall 
Expected Material Index = 22 
Actual Material Index = IS 
LAC ae 
To = 1.03 


The Material (Concrete) Cost Index for City #1 is 103. 
The next phase involved an analysis of the compo- 


sition of each of the twelve construction categories to 
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determine the degree to which each of the major trades 
contributed to each category. By this same logic, the 
material contribution relative to each category was 

also analyzed. Oniy the major trade and material contri- 
- Butions, previously considered, were utilized in the 
calculation of the relative weights to be assigned in 
both labor and material portions of this analysis. This 
twelve category analysis 1s indicated in Table 6-3. 

A sampling of thirty of the 191 project data 
received was then analyzed to determine the relative unit 
proportions of labor to material that would be applied 
in establishing a single geographical index for each 
construction category. For the thirty projects reviewed, 
the distribution of ratios of labor to material is 
indicated in Table 6-4 as the number of items found to 
be in each particular ratio. This analysis merely set 
up an approximate whole number proportion by which labor 
and material indexes could be blended into a single 


multiplier for each category and each city. 


Example: Pormindex City gi (Atlanta) 
Foundations 
Labor/Material Ratio —¢° = oi al 
Labor Ratio = 1/3 each 
Indexes 
Truck Driver = 15 


Equup. Operator 85 


Laborer = 79° = oKG 
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Determination Of L/M Ratios 
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Combined Labor Index 2U9 + 3 = 83 

Material Ratio = il ! 
Concrete Index > 103 
Gs x 3 = 249 
OS) xe - 103 


352 + 4 = 88 
The Foundations Labor/Material Index for City #1 is 88. 
Tables 6-5 Parts 1,2,and 3 indicate calculated Labor/ 
Material Indexes for each category and city. 

Finally, by combining this single multiplier 
with the general cost index for each city (calculated in 
the previous chapter), a matrix arrangement of combined 
multipliers for each of the twenty cities was developed 


for each of the twelve construction categories. 





Example: For Index City #1 (Atlanta) 
Foundations 
Labor/Material Index = 88 
General Cost Index = ail 
80. 


The Foundations Combined Multiplier for City #1 is 80. 
Table 6-6 is a matrix arrangement of these multipliers 
for each category and each city. 

The single multiplier for each category and each 
city is the geographical index. Its application proved 
wriab le an simplifying the calculation of the base cost 


charts in the following chapters. This matrix of 
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geographical indexes should also facilitate the applica- 


tion of this system by the estimator. 





Co iege kev bl 
BASE DATA GRAPH FORMULATION 


With the geographical indexes available for use, 
the data from the 191 projects was reviewed in detail. 
All project cost elements were sorted into the twelve 
construction categories for individual analysis. 

To have a useable construction cost index factor 
foreach element, the graph developed in Figure 5-1 was 
interpolated so that a single index was provided for 
eae month from December 1969 through February 1973. 
These indexes, listed in Table 7-1, together with the 
INatrix of geographical indexes shown in Table 6-6, 
enabled the cost elements to be converted to base data 
from which base cost curves were developed. 

The method used in converting project cost 
elements into base data consisted of the following: 

A multiplier, denoted as "K", was developed for each 
element by dividing: 
el) ae ta) by 1.25, to eliminate allowances for 
overhead and profit 
b) The quotient of that operation by the 
decimal equivalent of the geographical 


index, to remove any area influences 
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conversion of project cost data to base data. 
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ec) The resulting figure by the decimal 
equivalent of the cost index applicable 
at the time the contract was awarded, to 
bring the data back to a December 1969 
base. 


An example of these operations follows: 


Element: EXCAVATION (Category 1) 
Month: November 1972 Ijey Las) 
Location: San Francisco Tega 13 


1 0 : 
ii. caxe) oo. 1.13 saab a 


Element Cost = $1238 

Base Cost = 1238 x .054881 = $679 

Units = ClO Gy, 

The base cost data for this element is $679 for 100 CY 
Oi Excavation. 

These procedures were applied to all available 
data, with the result that a family of costs and units 
were developed for each major item within each of the 
twelve categories. The information derived from the 
projects and the resulting base data are tabulated in 
Appendix A for each category and item. 

As indicated by Homes » the method of least 
Squares proved to be a valuable tool in fitting known 
data to a trend curve. A computer program was written 
memeclect the first, second, or third order polynominal 


equation that had the best least squares fit to the base 


_— 
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eost data provided for each item. The program utilized 
is shown in Exhibits 7-1A and 7-1B. ! 
ine | 

The second phase of computer program applied 
the uniform unit increases to the selected equation so 
that a graphical plot could be developed. The first, 
second or third order equation that best fit the data 
Meecemtea was selected as the base data graph. Generally 
a second order equation was found to provide the most 
realistic graphical plot of the data presented. 

The computer printouts of the evaluated data, 
the resulting equations, and the projected data points 
for each item in each category are included in Appendix 
A for each item of the twelve categories. 

The graphical plots of the base data which will 
be applied by the user of this system are included in 
Appendix B. Table 6-6 and Figure 5-2 are also repro- 
duced in Appendix B in order that the user by following 
the simple instructions contained therein, will need 
only Appendix B to determine cost estimates for proposed 
projects. 

Using this system reasonably accurate cost esti- 
Mates can be determined for projects up to $200,000 in 

pues 


fess than DoU@enm Providing sutficient parameter data 


ape available. 
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NIMENSTON X(50) eV (50) »W(50) eA(5e5) «e SUMX (7) sSUMY (4) 
GALLEN,gJeJes THESIS 1973 

POLYNOMIAL CURVE FIT 

PRINT 710 

READ 2nH«XNAME1] eXNAMEPeNeLAST eNPRO 

N IS THE NUMRER OF ORSERVATIONS 

XNAME y~S THE CODE NAME. NPRO ARE POINTS PROJECTED. 
LAST 1S THE HIGHEST ORDER POLYNOMIAL FITTED 

Tie Ne edeeec0 yc 

READ Annee (A(T) oY TT) eW(T) e I=L oN) 

X IS THE INDEPENDENT VARIABLE IN UNITS, 

Y IS THE DEPENDENT VARIABLE IN DOLLARS 

Ww IS AN OPTIONAL WEIGHT FACTOR (USUALLY W=].0) 
PUNCH HATA ON SINGLE CARDS 

NO 22 J=lsN 

TF (W(7))22s21922 


W(T)=1,9 

CONTINUE 

SUMX (1) =0-0 

SUMX (2) =0-0 

SGUMX (3)=1.20 ¢ 
SUMY (1) 20-0 

SUMY (2)=0-0 


n0 90 r=19N 

SUMX (1) sSUMX(]l) 4wWw(T) 
SUMX(2) =SUMX (2) 4+W(1)#X(T) 
SUMX (3) =SUMX (3) #W( 1) #X (1) #42 
SUMY (1) =SUMY (1) 4W(IT) #Y(T) 
SUMY (2) 2SUMY (2) eW( IT) X(T) FY CT) 
NORD=] 

L=NORD +] 

KK=L¢] 

MO 101 Telel 

NO 100 J=leL 

TKeJ-la] 


0 A(IeJ)2£SUMX (TK) 
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PRINT 2039XNAME1 »XNAME2eNORD SN 
09 164 T=let 
J=J=1 
164 PRINT an7sJsA(IeKk) | 
PRINT 209 : 
NO 169 J=lsN 
Sl=A(1.KK) 
00 168 J=lsNORD 
168 S1=S1+A (J+] eKK) #X (J) #Hy 
S3=Y (1) -S] 
: HIVsY(1)/81 
169 PRINT aeX(1)eV(T) sW(1) ¢Sl9S3eDIV 
TF (NPR9) 17001709295 
299 nNIF=2en 
NO 310 M=lsNPRO 
Pah 
sw Susy 
VAL=0.N+DIF oF SX lonmalen 
NO 300 T=leL 
J=I-1] 
300 FUT=FUT+A (Is KK) #VAL HH 


310 PRINT 4eVALsFUT 


370 PRINT 310 
' IF (NORH=LAST) 1719191 
171 NORD=NoRD+1 
J=2*NORD 
SUMX (J) 20-0 
SUMX (J41)=0.0 
SUMY (NORD+1)=0¢9 
GMOllze T=leN 
SUMX (J) SSUMX (J) 4WOT) HX CT) HH (U7) 
SUMX (J41) =SUMX (Ue) ) +W (1) HX CT) Hey 
172 SUMY (NGRN41) =SUMY (NORD41) #W( 1) #¥ (1) #X 07) ##NORD 
GO TO 93 
220 PRINT 0-1] 
STOP 
200 FORMAT (A10sA2*1X9T291X9IT191X913) 
202 FORMAT (F540, 3X%9F601]1 s2XF4e1) 
203 FORMAT(38H CODE NAME POLYNOMIAL CURVE FIT 
1 4XsAlneA2//1 Xe 20HORDER OBSERVATIONS 
1 1Xs13.R8X9IS//) 
207 FORMAT (1X+13e3X%eE13.6) 
209 FORMAT(1Xs88HINDEPEND VAR DEPEND VAR’ WEIGHT 
JFITTED OEPEND ARITH DIFFERENCE 
_ PATIO oBSERVED TO FIT) 
210 FORMAT (1H1) 
211 FORMAT(1X//11H END OF JOB / 1h) 
3 FORMAT (1X9F]1e3e2XeFlle3elXoFle3e3XsF1llo3s 
14X9F11,3910X0eF1).3) 
4 FORMAT (1X9F11¢3e24X%oF 1163) 
NOTEe SIX BLANKS WERE INSERTED AFTER 
CARD 140 AND CARDS 203:209s AND 3 WERE 
ADJUSTED TO CONFORM TO THESIS PAPER SIZEe 
END 





CHAPTER VIII 


ANALYSIS AND COMMENT 


fee the invent Or this thesis was the develop- 
ment of a generalized system for preliminary cost 
estimates, the analysis of the project data involved 
considerable screening. Unique items were purposely 
omitted, as cost curves could not be meaningfully 
developed from only two or three data points. This 
Slutation was particularly obvious in attempting to 
develop curves for Category 11 (Specialities). 

In applying this system, the estimator must use 
his own judgement for those cost items not covered by 
any of the curves developed. In other cases he may 
want to apply a factor to adapt the given curves to a 
similar application. An example of such a modification 
would be the multiplication of the quantity excavated 
by a factor of 2.0 when the user knows that most of the 
work involves rock excavation rather than the more 
normal gravel clay work for which the curve was 
developed. 

The 55 cost curves developed represent expected 
costs for the items and categories considered. Some 


were based on many data observations, others on 





ug 


relatively few. All represent complete, in-place costs 
including cleanup. For the items that would necessarily 
involve supporting work such as forming, reinforcing, 
form stripping and finishing in the case of concrete work 
-all these factors were included in the development of 
the cost curves. The project prices reviewed were also 
considered to have been those of the lowest responsible 
bidder in a competitive environment, as no information 
to the contrary was available. 

specific comments for some of the categories are 
as follows: 

Category 1 (Foundations) 

A good portion of the work involved in this 
category requires heavy equipment work. The 
usage costs associated with the equipment invol- 
ved were related directly to labor costs and 
were so considered. 

Category 4 (Walls) 

Since most construction in the range consi- 
dered involved bearing walls rather than 
structural framing, more data was available in 
curve development in this area than in Category 
ZECstrueturalye 
Category 5 (Roofing) 

The cost curves developed for roofing 
include the normal flashing associated with this 


work but do not take into consideration sheet 





90 


metal gutters which should be considered under 

ductwork (Category 93) at approximately 3/4 lb. 

per ft. Removal work includes removal from the 
station. 

Category 6 (Finishes). 

Exterior paint was considered a two coat 
operation whereas interior was a single coat 
pw lead b le mM). 

Category 7 (Doors and Windows) 

Prefabrication of these items allowed a 
relatively low installation labor/material ratio. 
Category 8 (Plumbing) 

Within the ranges indicated, installation 
varied little from one pipe size to the next, 
which facilitated the grouping of close sizes 
into single cost curves. 

Plumbing fixtures, regardless of whether 
they are commodes, urinals, lavatories or hot 
water heaters, all have a certain amount of 
very similar rough-in piping associated with 
their installation. Since the material costs 
Coctevaryestenredeantly fron one type of fix- 
ture to another, their consideration as one 
category (fixtures) was adopted. 

Category 9 (H.V.A.C.) 
Since the major equipment in this category 


was found in most instances to be single 





od 


applications, the graphs presented are based on 
the size or capacity of those systems. This 
approach should be more useful to the user. Size 
was not considered for either ductwork or regis- 
ters as most fall within a standard range of 
usage. 

awe Pony) 0 Ce lec trical) 

As was pipe work, the formulation of cost 
graphs for both wire and conduit were by specific 
ranges. Panels and transformers were based on 
capacity and size. 

Light fixtures were generally found to fall 
Within a range of normal application. 

Category 11 (Specialities) 

The only speciality item for which there was 
sufficient data to develop a cost curve was the 
sprinkler system. The curve presented plots the 
number of sprinkler heads against cost. Alarms 
are included in these costs. Either wet or dry 
systems apply. 
eayeceorymeb? CExterior) 

Generally the last phase of work completed 
on a project, items in this category all include 
final cleanup. Project costs in this category 
were considered to be understated when the scope 


of the project was not centered on exterior work. 





CHAPTER IX 
CONCLUSIONS 


This estimating system is based upon an analysis 
of actual costs on completed projects from various parts 
of the country. The curves represent the general cost | 
trends for each of the 55 construction category items. 

The application of the system to four of the 
submitted projects in the $10,000 to $25,000 range 
indicated that the cost curves and the system are in fact 
valid. Appendix C contains this application and analysis. 
It is expected that, with this system, project cost 
estimates can be readily determined that will have an 
Meeurdey Of Within + 15%, particularly for projects whose 
value is between $25,000 and $200,000. 

This method enables the estimator to develop 
preliminary cost estimates for minor public works pro- 
jects in less than three hours. Although the system does 
encompass many construction items, and does enable him 
to perform his Reese in a more expedient 
manner, it is still merely an estimating tool. The 


system is not intended as a substitute for the good 


judgement of the estimator. 
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APPENDIX A 
CALCULATIONS OF BASE DATA 


The detailed analysis of all of the elements 
used to construct each of the category item graphs is 
contained in the attached tables. Following these 
Tables are the computer printouts of the base data, the 
best ordered, polynomial equation fit, and the projected 
data points. Appendix B contains the graphs that 


resulted from these equations. 
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APPENDIX B 
PRELIMINARY COST ESTIMATING SYSTEM APPLICATION 


This cost estimating system, developed by 
analyzing completed public works projects from various 
parts of the country, is intended for use by estimators 
in providing preliminary cost estimates for future 
projects. The user need only to furnish estimated 
quantities of the items indicated in the 12 construction 
categories, the proposed location of the project and an 
estimate of the time frame in which construction is to 
take place. 

Using these parameters a reasonably accurate 
cost estimate can be developed for projects up to 
$200,000. The categories and their items are so 
constructed that they include all the subordinate work 
necessarily included in a major category item. for 
instance, the three concrete categories include forming, 
reinforcing steel and finish work. The curves 
developed represent an. expected base cost for the items 
indicated. 

The first step in the use of the system involves 
the segregation of project elements into each of the 


applicable construction categories. The estimated 





eo 


quantity for each item within the category is then 
applied to the cost function graph for that item. The 
sum Of all the items in each category must then be adjus- 
ted by its particular geographical multiplier as 
delineated in Table 6-6. The resultant is the estimated 
cost for each category for that geographic location. 
The final step in the cost estimating process is the 
adjustment of the sum of the geographically modified 
category costs for the projected time frame (from 
Figure 5-2), the inclusion of overhead and profit, 
(multiplying by 1.25) and the addition of any contin- 
gencies. 

Contingency factors can vary anywhere from 1% 
to 6% depending on how well the project scope is defined, 
how far in the future the project may be and how many 
levels of review and possible alteration the project 
must pass through in the approval process. The estima- 
tor should have a feel for the amount to be included as 
a contingency. 

Appendix C contains several applications of 
this system, with further comments on the degree of 
accuracy achieved in' these applications. The remainder 
of this Appenidx contains the 55 construction category 


item graphs to be used with this system. 
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APPENDIX C 
Seber ROgnhe fot LMAt ES 


To test the reliability of the estimating system 
proposed cost estimates for four of the simpler projects 
from which base data was drawn were prepared using the 
system guidelines. The schedules of prices and the 
system estimate are provided and the values compared. 

Results varied from a +41% to a -12% of the 
actual low bid on the project. However, when the esti- 
mates were compared with the next bidder's price and the 
range of bids the deviations in costs were relatively 
small. Further, as the project information provided 
Beye no Andication of the government estimate or the 
Keenness of the bidding competition, it is difficult to 
ascertain whether the successful bid was within the 
profit ranges expected in a competitive environment. As 
shown in the estimates for these projects, certain 
minor adjustments to categories must be made at the 
discretion of the user. to adapt to local projects. Since 
the items and categories indicated are based on broad 
information to allow universal application, known devia- 
tions and additional items must be adjusted for accord- 


ingly. The system was developed for projects in the 





ab sie 


range up to $200,000; the projects tested fell in the 
first 10% of that range. It is expected that estimates 
mere projects OL a hagher value will exhibit a more 


accurate results. 





aS he 


Crane, Indiana Use City #6 
Noveers7 2 Valk. 29) 
Category Item Ones Base Cost 
8 AC. Pipe So) GF 2800 
8 Curb Inkets* 3 600 
oF Oeee 00 — 3400 
a Peay cetom= | cy 0 1ey 1800 
al Tixoyo) Syelaiel weve 270 CY 540 
2340 x 1.04 = 2434 
Ble Sidewalk S55 SE 1000 
a2 Curb and os Oe Bp 2700 
Gutter 2200 S21) = 2442 


8608 


Bic ame ea x 2G = S388 0 


% Use % manholes 
we Use 1/3 compacted fill 
eee 270 + 2 (50) CRock) = 370 CY 


Highest Bid = $21,250 


Second Bid = $16,680 
Low Bid SSO Ge 
Estimate _ 13,880 _ 1.25 
Actual OM? 77 
Estimate is 29% above actual low bid 
but only ey Oe .83 or 17% below second bid. 


16,680 
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Corpus Christi, Texas UeenC nye 26 
Dec. 1970 Gee0)) 


Category Item Units Base Cost 
> Roofing B22 7Sd 7250 
Removal 
5 Shingle Roof 522 sq 8700 
15950 x .89 = 14195 
4 Insulation 52.200) Sh) 4000 x .7/9 = 3160 
9 Sheet metal ZOOO thre “2250 =x . 90 = 2015 
gutters and 19370 
edging 


PCO lOO x 12S) = 26,635 


ole 
oe 


Extrapolate curve, assume constant scope 
‘& Use sheel metal duct, assume 3/4 lb/ft. 


St 


Highest Bid = $38,000 


Second Bid = $31,116 
Low Bid = $28,884 
EicuiMeate .) 26,635 2 0.97 


Actual - 2 


PsStimate ms 8% below actual low bid. 
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Memphis, Tenn. Use City #1 
uum 72 (1.254) 





Category Item Units Base Cost 

5 - Removal 189 sq 3100 

5 shingle Roof 69 sq 5700 
So00 xeecs = 7744 

2 Wood Decking ZU00 bdftwes 70 

2 Wood Joists POOF DIET  sok0 
ioo0! x 2689 = L226 
8972 


Cy Zee ON 1 25 = Sit 063 


Highest Bid = $61,198 


Second Bids) = 316,007 
Low Bid = $9,988 
Estimate _ 14,063 ana 


Actual ~ 9,988 


Estimate is 41% above actual low bid, 


bubeoOnlLy noe = .88 or 12% below second bid. 
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Philadelphia, Pa. Use City #16 
NOV 2 Gees) 


Category Item Units Base Cost 
5 Removal i3 0° 3sq 22 50 
5 Built-up Roof 30> cq 5800 
C0 ieee d)2 == 
2 Wood Decking sal lone T2009) x~ 1505 = 


OW alescetle. 2 Saat 5 = S15 527 2 


High Bid = $35,268 
Second Bid = $17,500 
Low Bid ween 7 2) 20 


Pope Womeee 4) o 20 2 oe 0.85 
Actual yet 10 ; 


pomimate ts 12% below actual low bid. 
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In order for this estimating system to remain a 
useful tool for the cost estimator, it is necessary that 
the Geographical and Projected Cost Factors be reviewed 
periodically. The base cost graphs are expected to 
remain valid for a considerable number of years. 

The Geographical Factors should be reviewed 
annually by comparing the general city cost indexes 
cited in Chapter V with the current city cost indexes 
published by both the Engineering News Record and Mean's 
Building Construction Cost Data, or any of the other 
agencies that publish such data. If there is found to be 
any significant variance (2%) the City Cost Indexes 
should be adjusted accordingly. Similarly, the individual 
trade wages and material cost for each city should be 
compared with the national averages to determine whether 
there is any significant variances with the indexes 
calculated in this thesis. Adjustments can be made 
substituting new indexes for those given and proceeding 
in the method cited in Chapter VI to determine new city 
multipliers. 


The Projected Cost Index as provided in Figure 5-2 
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can be readily adjusted by comparing the current cost 
indexes published by three or more of the agencies cited 
in Figure 5-1 with projections listed in the manner 
indicated in Chapter 5. This area is perhaps the most 
subject to variance as factors exterior to the categories 
cited affect the formulation of cost indexes. For this 
reason cost indexes should not be projected too far in 


advance. 
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